171 


LEGIBILITY  OF  MILITARY  SYMBOLS  ON  A  CATHODE  BAY  TUBE 
DISPLAYS)  DEFENCE  AND  CIVIL  INST  OF 
ENVIRONMENTALMEDICINE  DOWNSVIEH  (ONTARIO)  C  MCCANN 
SEP  79  DCIEM-79-R-38  X5-XD  F7G  975  NL 


H 


AD-A078  649 
UNCLASSIFIED 


OEC  31  1379 


.  C-  i*  f  t  v >/4 < 


•  •  •  ' 

► 

r 

i: 


9  • 


lanavlovril  Sclanca  Olvlilo* 

a«4  Civil  Instltuto  of  Cnvlronwantal  Mad  1  c  1  n«  / 
11JJ  S**pp«~4  Ava*»«»  Mait,  P.O.  lo«  2000 
Oowntvla*.  Ontario  MJH  311 


Of rAfc TWIST  or  MT10ML  OCriMCI  -  CANADA 


•  • . 


1  ?  (* 


9  • 


7V  27  156 


f 


<§> 


TABLE  Of  CONTENTS 


ABSTRACT  . 

INTRODUCTION  . 

NETHOO  . 

Subject*  . 

Apparatus  . 

E*p  er i went  a  1  Deslqn 
Procedure  . 

RESULTS  . 

T . ne  Data  . 

C t  r  or  s  . . 

DISCUSSION  . 

CONCLUSIONS  . 

REFERENCES  . 

appendix  a  . 


PACE 

1 


4 

4 

4 

8 

8 

9 

9 

11 

1) 

17 

ia 

2a 


»  < 


ABSTRACT 


\ 

1 


The  leqioillty  of  selected  military  map  symbols  on  a 
CRT  display  was  determined  by  testing  a  ayabol  set  of  nine¬ 
teen  primary  role  descriptors  symbols  for  military  units 
using  a  tach i stoscop ic  presentation  technique.  Simpler  geo¬ 
metric  symbols  composed  of  fewer  line  components  were  mote 
quickly  recognized  than  complex  ones,  and  were  also  the 
source  of  fewer  errors.  Symbols  with  circular  or  curved 
components  were  more  likely  to  be  confused  with  each  other 
than  with  symbols  composed  of  linear  components. 
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INTRODUCTION 

Automated  d?ta  pi  JCMiln^  (ADP)  is  recognised  «•  hsvin 
giest  potential  in  the  tactical  command  and  control  environ 
ment.  Ita  use  has  been  accelerated  by  the  availability  of 
■ore  compact  and  powetful  processors,  new  techniques  of  s<s« 
data  storage,  and  new  types  of  displays.  Recognising  the 
.ncrrasing  potential  for  automating  the  display  of 
map-related  information,  the  Military  Symbology  Wotklng 
Croup  of  the  NATO  Army  htmaments  Croup  Panel  XIII  has  formu¬ 
lated  a  new  set  ot  standard  symbology  to  accomodate  AOP  dis¬ 
play  techniques  (7).  DCIEN  has  undertaken  to  study  the  le¬ 
gibility  of  the  proposed  symbols  on  different  types  of  elec¬ 
tronic  displays,  and  under  a  variety  of  conditions.  This 
report  describes  the  fltst  stage  in  that  investigation  -  -  a 
study  of  the  legibility  of  the  ptimat.  role  descriptor  sym¬ 
bol!  on  a  CRT  display.  These  symbols  comprise  the  most  fre¬ 
quently  used  set  of  military  map-marking  symouls.  Only 
those  role  descriptor  symbols  considered  to  be  applicable  to 
Canadian  forces  units  were  studied  -  a  total  of  19  sym- 


shown  In  fig.  1. 
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PRIMARY  ROLE  DESCRIPTOR  SYMBOLS 


Although  much  of  the  research  on  symbol  legibility  has 
been  carried  out  unlng  alphanumeric  symbols,  some  work  hes 
been  done  on  the  relative  dl set lm lnsbl 1 1 ty  of  certain  geome¬ 
tric  aymbols.  Sarly  work  on  geometric  forma  was  motivated 
by  Cestalt  theory  and  wae  oriented  toward  finding  the  "bent* 
or  moat  easily  recognised  form.  Thee#  studies  were  not  con- 
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clus  u« ,  ii.ici  recognition  of  a  fora  depends  not  only  on  Its 
tupe,  but  on  its  similarity  to  other  foras  In  the  tested 
gtoup,  the  number  of  such  foras,  and  the  observer's  famili¬ 
arity  with  thea  (Honiqteld,  1964). 

Later  super isenter i,  uiinq  larger  sets  of  syabols,  at¬ 
tempted  to  determine  absolute  rankings  of  symbol  shapes  on 
the  basis  of  direr iminabi 1 ity.  Main,  there  was  a  lack  of 
agreement,  although  a  review  by  Vandarkolk  eh  al.  (1970) 
states  that  the  triangle,  square,  circle,  X,  and  rectangle 
I  the  staple  qeoaetric  foras)  are  generally  ranked  highest  In 
legibility.  "hese  authors  suggest  that  one  possible  espla- 
nation  for  the  diversity  of  findings  concerns  the  confound¬ 
ing  of  symbol  siie  and  symbol  area. 

Davis  (1969)  concluded  that  several  factors  have  Halt¬ 
ed  the  applicability  of  the  studies  on  syabollc  codingi 

1.  Some  studies  included  a  biased  representation  of 
fora  families  (e.g.,  many  circular  or  elliptical 
foras,  and  few  linear  ones)! 

2.  few  esperiaents  wets  tun  using  a  realistic  display 
situation,  either  in  terms  of  the  hardware,  or  in 
terms  of  esact  symbol  design  and  presentation! 

1.  In  some  cases,  conclusions  were  drawn  froa  Halted 
sets  of  syabolst  total  codes  were  not  tested. 


Marsetta  anJ  Shurtleff  (19(0  have  Investigated  the  le¬ 
gibility  of  ailitary  aap  symbols  to  deteralne  the  alnlaua 
acceptable  resolution  for  symbol  legibility  on  a  television 
monitor.  Thirty  ailitary  unit  symbols  with  different  combi¬ 
nations  of  role  and  site  designation  were  studied,  four  of 
these  roles  w«te  the  same  as  the  ones  used  in  the  current 
study,  more  recently,  a  large  study  on  the  relative  dis¬ 
ci  ia inabl 1 lty  of  219  tactical  air  symbols  was  cattled  out  by 
Williams  and  Telchner  (1979).  Accuracy  of  response  and  res¬ 
ponse  latency  were  used  to  provide  information  on  the  dis- 
cr iainabll ity  and  conf usabi 1 lty  of  the  symbol  set. 

These  evaluations  of  symbol  codes  have  produced  only 
very  general  guidelines  for  the  design  of  legible  symbols. 
The  lack  of  specific  recommendations  on  symbol  design  re¬ 
quires  that  any  particular  symbol  set  under  consideration  be 
esper (mental ly  tested  for  legibility. 


»  • 


9  • 


* 


* 


I 


* 


I 


» 


•  • 


f  • 

4 


X 


PACE  4 


NETHOD 


Subjects 

Eight  subjects  volunteered  to  participate  In  the  cur¬ 
rent  experiment.  They  were  all  employees  of  DCItM  who  had 
no  eiper lence  with  military  maps  or  symbology.  All  had  nor¬ 
mal  or  corrected  vision  of  at  least  2i/2 8,  as  tested  using  • 
wal 1  char  t . 

Apparatus 

No  specific  design  standards  ate  available  regarding 
the  exact  shape  or  sire  of  the  symbology  for  the  primary 
role  descriptor.  Although  the  nature  of  some  symbols  pre¬ 
cludes  much  variation  in  design  (e.g.,  symbols  with  lines 
drawn  between  certain  points  within  the  rectangler  symbols 
2,3,7  in  Pig.  1)  others  can  be  drawn  in  e  variety  of  wuys, 
by  changing  the  sire  and  position  of  symbol  components  with¬ 
in  the  rectangle.  The  design  details  of  the  symbols  used  in 
this  esperiment  ate  given  in  Pig.  2. 

Symbols  wete  presented  on  a  monochrome  vector  graphics 
display  (Digital  Equipment  Corp.  Nodel  VR17)  with  a  resolu¬ 
tion  of  1124  s  1424  points  in  a  display  area  of  24. 5  s  23.8 
cm.  Stroke  drawing  techniques  were  used  to  generate  the 
symbols  on  the  display.  Symbols  wete  .56  cm  high  (25. 3'  arc 
aubtense  at  the  74  cm  viewing  distance)  and  .19  cm  wide  (41' 
arc  aubtense).  Apprndli  A  describes  ths  rational#  used  in 
determining  sgmbol  subtense. 

fine#  s  CUT  Is  a  light-emitting  display,  symbol  lumi¬ 
nance  depends  on  the  numbet  of  points  or  lines  ussd  to  draw 
the  symbol.  Thus  symbols  with  only  a  few  lines  drawn  insids 
the  unit  rectangle  (e.g.,  Pig  1,  symbols  1,3,12)  will  have 
lower  luoinancs  than  symbols  with  many  lines  (s.g.,  symbols 
14,11),  assuming  that  they  ars  all  drawn  at  the  same  inten¬ 
sity  setting.  Since  this  luminance  difference  could  bm  used 
as  a  means  of  differentiating  between  symbols,  symool  lumi¬ 
nance#  were  equated  under  software  control  to  decrease  the 
Intensity  of  symbols  with  mors  lines  and  to  increase  the  in¬ 
tensity  of  those  with  fewer  lines.  Only  the  role  descriptor 
portion  of  the  symbol  was  .«djusted.  The  unit  tectangle  was 
lsft  at  median  intensity.  Average  symbol  luminancs  was  2.75 
ft-L  with  s  tangs  cf  ./  ft-C.  (see  Appendix  A  for  a  descrip¬ 
tion  of  the  luminance  measurement  technlgue  and  data  on  in¬ 
dividual  symbol  luminances).  Symbol  contrast  ratio  wuS  2Stl 
measured  as  described  <n  Appendls  A. 
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FIGURE  2c 

DETAILED  DESIGN  OF  PRIMARY  ROLE 
DESCRIPTOR  SYMBOLS 
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Subjects  wne  seated  in  front  of  the  display  screen  In 
a  small  pooth  ccnstructed  of  moveable  pa; t 1 c ions ,  which  pro¬ 
vided  both  acoustic  shielding  from  equiproen*  noise  (sounl 
pressure  level*6J  dbA  inside  the  booth)  and  ..  uniform  visual 
background  to  minimize  reflection  from  the  display  screen. 
Since  tne  maximum  expected  distance  between  an  observer  and 
£he  display  screen  in  the  operational  situation  is  76  cm 
(30*),  this  viewing  distance  was  used  in  the  experiment. 
Head  fixation  was  maintained  by  use  of  a  chin  test. 
Response  selection  was  effected  by  indirect  cursor  position¬ 
ing  from  a  Summagraph ics  digital  tablet  placed  in  front  of 
the  display. 

experimental  Design 

The  experiment  was  a  factorial  design:  19  (symbols)  s 
2  (sessions)  x  9  (subjects)  with  10  observations  per  cell, 
i.e.,  190  observations  per  session,  with  the  symbols  random¬ 
ly  distributed  over  the  190  observations. 

Procedure 

The  legibility  test  used  in  this  experiment  was  a  ta- 
chistoscopic  recognition  task  in  which  a  symbol  was  randomly 
selected  and  presented  briefly  at  a  fixed  location  on  the 
CRT  display.  Each  subject  had  an  initial  practice  session 
of  60  trials  for  familiarization  with  the  equipment,  symbol 
set,  and  procedure*.  A  short  refamiliarization  period  (con¬ 
sisting  of  20  tria>%)  started  each  experimental  session. 
Experimental  sessions  were  about  an  hour  in  le  igth,  with  a 
five  minute  break  in  the  middle  to  alleviate  boredom  and  fa¬ 
tigue. 

Each  trial  began  with  the  presentation  of  a  rectangular 
fixation  symbol  for  4  seconds.  There  was  a  l.S  arc.  blank 
interval  to  announce  the  test  symbol  which  was  piesented  for 
0.012  sec.  A  solid  rectangular  mask  then  appealed  for  2 
sec.  at  the  location  of  the  test  symbol,  followed  by  a  ran¬ 
domly-ordered  matrix  of  the  19  symbols  for  10  sec.  The  ma¬ 
trix  was  positioned  on  the  screen  below  the  test  symbol  lo¬ 
cation  and  was  arranged  in  four  row]  of  4  sy.  bole  and  one 
row  of  three.  The  cursor  symbol  (a  box  with  an  in  it) 
was  displayed  simultaneously  with  the  matrix.  ihe  subject 
moved  the  cursor  symbol  over  the  desired  matrix  symbol  using 
the  cursor  -ontroller  and  then  pushed  a  button  on  the  cursor 
controller  to  Indicate  his  choice  to  the  computer.  The  cho¬ 
sen  symbol  flashed  for  2  sec.  after  which  the  matrix  was 
removed  from  the  screen. 

The  subject  initiated  the  next  trial  by  selection  of 
the  word  ‘NEXT*  that  was  displayed  to  the  right  of  the 
screen  (or  to  the  left  for  left-handed  subjects)  after  the 
removal  of  the  matrix.  This  technique  also  fixed  the  start- 
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ing  position  ot  the  subject's  symbol  acgu'sltlon  movement. 

Dst*  collected  during  eacn  experimental  trial  consisted 
of  the  symbol  presented,  the  symbol  chosen  and  the  time  (ac¬ 
curate  to  1/64  sec.)  between  the  start  of  presentation  of 
the  matin  and  the  sob)ect’s  response. 


RESULTS 


Time  Data 

A  tour -way  analysis  of  variance  was  carried  out  on  the 
data  on  response  times,  treating  subjects  as  a  random  factor 
and  the  remaining  factors  as  filed.  In  the  entire  esperl- 
ment,  there  were  ten  trials  in  which  the  subject  did  not 
make  a  response,  probably  because  of  Involuntary  eye  move¬ 
ment  at  the  time  of  the  symbol  presentation.  These  in¬ 
stances  represented  only  S.31  of  the  data  points  a.:d  were 
distributed  over  subjects,  symbols  and  sessions.  The  value 
used  fot  each  missing  data  point  waa  the  value  of  the  cell 
mean,  and  the  error  degrees  of  freedom  were  reduced  accord¬ 
ingly. 


9  ipcnre  time  In  this  esperlment  can  be  considered  to 
consist  of  a  variable  decision  time  plus  a  f  1  ted  delay  due 
to  mccor  response.  This  is  reflected  in  the  positive  akew 
of  the  response  time  data.  In  order  to  reduce  the  correla¬ 
tion  between  the  mean  and  standard  deviation,  and  so  better 
satisfy  the  assumptions  of  the  analysis  of  variance  model,  a 
transformation,  loq(s-«.a),  waa  applied  to  the  data  (Miner, 
mi) . 

The  analysis  of  variance  is  shown  in  Tsble  1.  All 
two-way  interactions  and  main  effects  not  involving  replica¬ 
tions,  esctpt  fo.  the  symbol  r  session  interaction,  were 
significant  st  the  l.tl  level.  All  other  interactiona  were 
not  significant  at  this  level.  th*  subject  t  session  inter¬ 
action  is  plotted  in  Tig.  3.  fot  all  subjects  but  one, 
average  response  tine  dropped  in  the  second  session,  by 
about  71. 

The  esistence  of  a  symbol  s  subject  interaction  indi¬ 
cates  that  the  pattern  of  subjects'  response  tinea  waa  not 
the  same  across  symbols.  However,  it  should  bm  noted  that 
the  mein  effect  f  ratios  are  considerably  larger  than  the 
interaction  ratios,  thus  suggesting  that  this  interaction 
contributes  littla  to  the  variance  In  tespc  ,ae  times  to  sym¬ 
bols. 
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TABLE  1 

ANALYSIS  Of  VARIANCE  Of  TINE  DATA 


SOURCE  Of  VARIATION 

or 

SS 

MS 

P 

Sy  (Symbol) 

18 

)#. 1*9 

B 

)• . 18 •• 

Su  (Subject! 

7 

18.914 

wmnM 

48 . 68 •• 

Sy  a  Su 

128 

19.767 

8.129 

2.  It** 

Se  (SMilonl 

1 

2.92) 

2.92) 

92.7|»» 

Sy  i  Se 

18 

1 .88  ) 

1.144 

1.89 

Su  «  Se 

7 

1 .  769 

4.292 

4.  )%•• 

Sy  «  Su  *  Se 

128 

7.929 

4.899 

1.91 

R  (Replication) 

1 

1  498 

4.122 

2.24 

Sy  i  R 

182 

*  .8)1 

8.899 

1.81 

Su  s  R 

8  1 

*.689 

4.47« 

1.21 

Sy  t  Su  s  h 

11)4 

64.188 

4.896 

.98 

Se  r  * 

9 

8.666 

8.474 

1.1) 

Sy  i  Se  ■  R 

182 

021 

8.899 

.91 

su  i  Se  -  R 

81 

BKTfl 

8.86) 

1.89 

Sy  i  Su  i  Se  ■  R 

1124 

BBS! 

8.898 

••  Significant  at  f.ll 

leve  1 

Tigure  4  shows  a  qraph  of  ths  corrected  response  times 
|s>ean  untt ansf ormed  tin*  for  symbols  named  correctly)  (or 
•sch  symbol  <vt i aq»d  ov*i  subjects  and  sessions  ano  ordered 
on  ths  basts  of  increasing  time.  Ths  mean  rssponss  Uses 
range  (tom  just  under  2  sec.  (or  symbol  19  to  J.79  sec. 
for  symbol  11. 

Srrors 

Percent  errors  for  Individual  symbols  are  give*  In 
Table  2  in  order  of  Increasing  error  rate.  They  ranged  (tom 
under  II  for  symbols  )  and  4  to  just  under  111  for  symbols 
If  and  19.  Mean  error  (or  all  symbols  was  4.47%. 

An  appropriate  way  o(  presenting  error  data  from  a  le¬ 
gibility  esper Iment  is  In  a  confusion  natrls  (Tsble  1) . 
Here  the  columns  represent  the  symbol  presented  and  the  rows 
represent  the  symbol  named.  If  all  the  symbols  had  been 
correctly  named,  only  the  diagonal  entries  would  be 
non-tero,  and  in  this  esse  those  entries  would  be  ltd,  since 
each  symbol  was  presented  ltd  times  over  subjects  and  ses¬ 
sions.  The  non-tero  entries  outside  the  diagonal  preside 
Information  on  the  confusions  made.  Column  error  tetale 
(the  bottom  line  in  the  matt  la)  are  the  number  of  times  thst 
a  presented  symbol  was  wrongly  named,  while  row  error  totals 
give  the  total  number  of  times  that  a  particular  aymbol  was 
called  Instead  of  another  which  was  presented. 


TABLE  2 

CBROB  BATES  FOB  SYMBOLS 


r 

SYMBOL 

■mm 

SYMBOL 

4  ERBOK 

4.42 

l*T" 

4.37 

l°J 

4.42 

EB 

4.37 

H 

1.84 

L°J 

9.42 

S3 

2.94 

[ED 

9.42 

L*j 

2.94 

a 

9.42 

izs 

2.94 

s 

7.9S 

a 

3.12 

HD 

4.12 

[mj 

3.79 

H 

9.37 

;  era  | 

3.79 

9.37 

□ 

3.79 

The  confusions  between  symbols  occur lng  two  or  aore 
ttass  srs  illustrated  in  s  directed  graph  (Fig.  5).  Ths  ar¬ 
rows  between  syabois  represent  ^he  direction  and  strength  of 
ths  confusions,  based  on  nuaber  of  occurrences.  Analysis  of 
the  confusion  aatrices  for  individual  subjects  lndlcstes 
that  confusions  between  certain  pairs  of  syabois  are  not 
distributed  evenly  over  subjects.  For  aany  pairs,  one  sub¬ 
ject  was  responsible  for  the  asjority  of  the  confusions 
aade.  These  links  sre  aarked  with  s  star  (*)  in  Fig.  9. 

A  high  positive  correlation  (r>.94)  eslsts  betw.en  res¬ 
ponse  tlae  and  error  rate.  A  t-test  indicates  that  this 
correlation  is  significantly  different  froa  sero  (t-14.1,  17 
d, f .) . 


DISCUSSION 

The  ordering  cf  syabois  on  the  basis  of  response  tlae 
(Fig.  4)  seeas  to  indicate  that  the  aiapler  syabois  *1.#., 
those  coapoaed  of  fewer  line  coaponents)  were  recognised 
acre  quickly  then  those  with  a  sore  coaples  geoaetrlc  pat¬ 
tern.  For  esaaple,  syabol  3  required  less  tiae  for  recogni¬ 
tion  than  any  other  syabol  escept  the  blank  (syabol  19). 
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TABLE  3 

MATRIX  Of  SYMoOL  CONFUSIONS  SHOWING  THE 
NUMBER  OF  TIMES  A  GIVEN  SYMBOL  WAS  NAMEO  POR  ANOTHER 


SY.OOL 

NAMEO 


SYMBOL  PRESENTED  TOTAL 

ERRORS 


1  2 

3 

4  5 

8 

•y 

8  9 

19  11  12 

13 

14  15  16  17  18  1) 

m 

1 

151  • 

9 

9  9 

9 

9 

3  9 

9  1  9 

9 

1  9  9  4  9  9 

9 

?S<j 

2 

4  158 

9 

9  9 

9 

4 

9  1 

9  2  9 

9 

9  9  9  9  1  9 

8 

r~?] 

3 

4  9 

15S 

9  9 

9 

9 

9  9 

9  9  1 

9 

9  9  1  9  8  9 

2 

si 

4 

•  • 

9 

157  1 

9 

9 

9  9 

9  2  9 

9 

9  9  9  9  9  9 

3 

S 

9  9 

9 

9  154 

9 

9 

9  9 

9  9  9 

9 

9  9  9  9  9  9 

9 

LhJ 

4 

1  9 

9 

9  9 

159 

1 

1  2 

8  9  9 

9 

9  3  9  9  5  2 

21 

m 

7 

9  9 

9 

9  9 

9 

153 

9  9 

9  9  9 

9 

9  9  9  1  9  1 

2 

L®J 

8 

7  9 

9 

9  9 

9 

9 

158  9 

9  9  9 

9 

9  2  9  9  9  9 

9 

FI 

♦ 

9  9 

9 

9  9 

9 

9 

9  149 

9  9  9 

1 

9  9  9  9  9  9 

1 

M 

18 

9  9 

9 

8  9 

9 

9 

9  9 

145  9  9 

9 

2  9  9  7  1  9 

19 

m 

11 

9  1 

9 

9  9 

9 

9 

9  5 
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Cyibol  18,  a  complex  symbol,  required  more  time  than  did  ei- 
thet  of  its  subcomponents  alone  (symbols  2  and  6).  Current 
tneories  of  pattern  recognition  based  on  feature  estraction 
(Lindsay  and  Norman,  1977)  predict  this  result;  as  the 
number  of  individual  featureu  of  a  symbol  Increases,  SKite 
time  is  requited  for  theit  estraction  and  processing. 

The  hiqh  positive  correlation  between  response  time  and 
errors  indicates  that  subjects  were  not  sacrificing  accuracy 
in  order  to  be  able  to  recognise  symbols  more  rapidly. 
Symbols  which  too*  lnnqer  o  recoqnise  ---  the  note  complea 

nnes  -  were  also  the  sour  :e  of  mote  errors.  Other  re- 

seareners  have  found  the  same  correlation  (Williams  and  Te- 
ichner ,  1979).  it  is  a  well-established  principle  that 
simpler  forms  ate  easier  for  the  human  to  process  (Zusne, 
1978).  it  is  preferable,  therefore,  that  symbols  for  coding 
be  kept  si <ple  in  form. 

Although  it  is  difficu  .  to  state  acceptable  limit 
for  error  in  these  kind:  of  esper (menus ,  Honigfeld  (1984) 
claims  that  a  criterion  of  84  accuracy  in  responding  to  a 
code  under  lab  conditions  ,as  been  agreed  as  adequate.  The 
overall  error  *ate  in  this  esperlment  satisfies  thlf  criter¬ 
ion.  The  confusion  matrix  gives  an  indication  of  the  nature 
of  the  errors.  It  is  notable  that  confusions  were  not  ne¬ 
cessarily  symmetric!  for  example,  symbol  11  was  named  for 
symbol  18  in  8  inetances,  but  the  reverse  error  occurred 
only  once.  A  particularly  striking  example  of  non-symmetr te 
contusion  in  this  experiment  Involved  symbol  8  (the  ellipti¬ 
cal  symbol) i  although  it  was  misnamed  only  once  (error  rate 
8.824),  it  vie  named  instead  of  other  symbols  s  total  of  21 
times.  A  tendency  for  Imperfectly-perceived  forms  to  appear 
round  Is  a  well-documented  phenomenon  (Susne,  1978). 

A  distinction  can  be  made  between  symbols  which  are  re¬ 
peatedly  the  source  of  errors  (i.e.,  ate  misnamed),  such  as 
symbols  1,9,18,17,  and  18  and  those  which  are  the  recipient 
of  such  errors,  like  8,18,11,  and  19.  Zt  is  possible  that 
redesign  of  symbols  in  the  latter  set  would  reduce  the  over¬ 
all  error,  although  these  symbols  are  not  themselvee  the 
ones  misread. 

The  fact  ti at  confusions  between  r^rticular  pairs  of 
symbols  are  often  confined  to  one  or  two  subjects  makes  it 
impossible  to  generalise  these  findings  to  s  wider  subject 
population.  However,  from  Pig.  9  It  can  be  seen  that  the 
confusions  fall  into  two  main  groupst  those  involving  cir¬ 
cular  or  curved  symbols  (e.g.,  symbols  1,8,8,19)  and  those 
involving  angular  or  more  linear  symbols  (e.g.,  symbols 
2,9,11).  Another  separate  subgroup  of  confusions  perhaps 
could  ba  defined  by  the  alphabet lc-1 ike  symbols  (9,18,17). 
Confusions  tend  to  occur  within  groups,  and  do  not  cut 
across  group  boundaries,  except  through  symbols  9  end  18, 
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wnich  hive  both  cutved  and  linear  components.  Thli  finding 
vs  con*  latent  with  Oivts'  (1969)  conclusion  that  tot  sansua 
codinq  efficiency,  symbols  should  differ  st'onqly  In  shape, 
lusne  (197ii  ha*  provided  a  puliiinac  classification  of 
important  form  parameter*,  based  on  factors  such  as  area, 
cent*  c  of  gravity,  number  of  sides,  angularity  and  sywetty. 
Pur  tnec  e*p» t l sent  a t ion  will  be  .tecessaty,  however,  to  de¬ 
termine  the  e*act  parameters  that  should  be  varied  to  maiim- 
ite  the  differences  in  shape  of  the  rola  descriptor  symbols 
in  this  symbol  set. 

In  this  e*perim»nt,  recognition  Is  based  on  the  role 
descriptor  portion  of  the  symbol,  which  is  sometimes  consid¬ 
erably  smaller  than  the  overall  target.  In  the  case  of  sym¬ 
bols  l,  1*,  and  17  the  role  descriptor  subtends  only  9*  arc, 
which  may  be  toe  little  for  reliable  ldent 1 f  icat ion  (Could, 
1964).  It  is  possible  that  increasing  the  sue  of  the  role 
descriptor  portion  of  these  symbols  might  sid  their  recogni¬ 
tion.  However,  it  Is  also  possibls  that  the  site  of  the 
role  descriptor  (as  well  <•  its  snaps)  is  being  used  ss  s 
redundant  cue  to  assist  discrimination  detween  symbols  of 
similar  form,  and  that  elimination  of  thia  cue  would  have  a 
negative  effect.  Davla  has  suggested  that  redundant  slse 
coding  may  bm  advantageous  for  coding  radar  symbols. 

Application  of  these  results  to  symbols  in  an  opera¬ 
tional  environment  would  have  to  take  Into  account  thm  fac¬ 
tors  of  semantic  content,  or  meaning,  of  the  symbols,  and 
the  tactical  contest  presented  in  conjunction  with  thm  sym¬ 
bols  on  a  map  display. 


CONCLUSIONS 

In  agreement  with  previous  studies  on  the  legibility  of 
geometric  forms,  the  esperlment  hss  shown  thst  thm  simpler 
role  descriptor  symools  see  mors  quickly  Identified,  with 
fewer  errors.  than  are  more  comples  symbols.  Patterns  of 
confusions  between  symbols  srs  related  to  the  nature  of  the 
primary  role  descriptor  form  (llnesr  vs.  curvedl .  further 
study  can  determine  the  parameters  of  symbol  fora  which  arm 
important  for  symbol  recognition,  and  can  indicate  possible 
redesign  thst  might  avoid  some  confusions  hat  presently 
occur . 
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STIMULI 


Svebol  Slit 

Syeb:>l  tlx*  it  of  ptleaty  importance  In  designing  legi¬ 
ble  symbols.  rrom  a  practical  point  of  view,  it  la  prefer¬ 
able  that  tha  unit  symbols  be  no  larger  than  necessary, 
amca  this  will  tatitut  tha  nuabct  of  symbols  that  can  ba 
displayed  alnul taneously  without  ovatlap. 

•ecomnendat  ion*  for  symbol  height#  in  terme  of  visual 
angle  subtended  at  tha  viewer ‘a  eye,  vary  widely,  depending 
on  tha  type  of  eymbol  studied,  tha  diaplay  system  used,  tha 
anvironaantal  condition'  and  tha  criterion  of  parforaanca. 
A  eyabol  subtense  of  12*  arc  la  tha  typically  accepted  aini- 
ael  visual  angle  for  alphanuaerlc  data  preaented  on  televi¬ 
sion  and  other  electronic  d'splays  (Van  Cott  and  lincade, 
1*7#).  However,  a  major  review  of  legibility  research  by 
Vander hoi k  at  al.  (1*73)  concludes  that  a  ayabol  subtense  of 
22-2ft’  ate  is  required  under  norasl  operating  conditions. 
Under  ideal  conditions  a  subtense  of  1ft'  ia  tolerable,  but 
not  recommended.  Sub-optimal  operating  e.iv it onaenta  (e.g., 
estreaes  of  i 1 luainat ion,  vibration)  necessitate  larger  sym¬ 
bols.  X 

•a 

in  operational  uae,  there  le  a  requirement  for  up  to 
three  linee  of  optional  alphanuaerlc  teat  to  be  positioned 
beside  the  unit  ayabol.  It  the  alphanumeric  symbols  subtend 
12*  arc,  and  there  la  1*  arc  between  each  line  the  total 
apace  required  is  3ft'  arc.  A  trade-off  can  be  aede,  there¬ 
fore,  between  the  requirement  to  have  symbols  ac  small  as 
legibly  possible,  and  the  requirement  to  have  enough  apace 
adjacent  to  the  ayabol  for  aaaoclated  teat.  Since  the  teat 
can  be  allowed  to  estend  to  some  degree  above  the  top  and 
below  the  bottom  of  the  unit  ayabol,  a  symbol  eubtenee  of 
2*'  arc  was  used  in  this  esperiaent. 

Symbol  Luminance  and  Contrast 

Besides  i  sing  regulated  by  the  intensity  level  set  In 
the  display  software,  luainance  on  the  CRT  used  in  thie  *  * - 
periaent  was  control  lv'.  ,-v  >>  /in-)  t  constant  software  dia¬ 
play  Itat  length  to  fia  the  refresh  rate  of  the  display,  end 
by  having  the  viewer-activated  brightness  control  at  a  fiaed 
posit  ion. 

Luainance  we*  measured  in  two  wayer 

1.  by  measuring  the  luminance  of  the  spots  ot  linee 
used  to  construct  the  symbols. 
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2.  by  fttiut  inq  overall  luminance  of  to*  entire  sym¬ 
bol. 

Prom  that*  ««ii"fntnts,  plus  a  measure  of  the  background 
luminance,  contrast  ratio  (C)  was  calculated  as: 

C  ■  B  n  -  Bo 

Jo  where  Bo  •  background  luminance 

Bs  •  spot  or  symbol  luminance 

Recommendations  in  the  literature  for  these  parameters 
are  typically  23  ft-L  (Could,  1968)  for  symbol  luminance  and 
between  4:1  and  11:1  for  contrast  (Howell  and  Kraft,  1939). 

A  Gamma  Scientific  photometer  with  a  r.icroscope  attach¬ 
ment  was  used  to  measure  spot  luminance.  A  single  spot  of 
software  lntens..y  level  3  (the  same  am  the  unit  rectangle) 
was  positioned  below  the  location  of  the  prompt  symbol  on 
the  display  screen.  The  photome.er  probe  was  placed  at  the 
center  of  the  spot,  where  the  maximum  luminance  would  occur 
(assuming  that  luminance  is  distributed  in  a  Gaussian  manner 
across  the  spot).  Because  the  spot  tended  to  drift  continu¬ 
ously,  sis  readings  were  averaged,  giving  a  spot  luminance 
of  409  ft-L.  A  similar  reading  taken  on  the  blank  screen 
gave  a  background  luminance  of  8  ft-L,  for  a  spot  contrast 
ratio  of  30:1. 

Symbol  luminance  was  measured  within  a  reticle  ring  po¬ 
sitioned  around  the  unit  symbol  so  that  the  circle  Just 
touched  the  corners  of  the  unit  rectangle.  The  luminance  tf 
each  symbol  measured  in  this  way  is  given  in  Table  A-l. 
Average  symbol  luminance  was  2.73  ft-L.  »he  range  of  lumi¬ 
nances  was  .4  ft-L  or  15%  of  the  average.  0ackground  Emi¬ 
nence  of  the  screen,  measured  over  the  same  area  under  the 
ambient  light  conditions  used  in  the  experimert,  was  .1 
ft-L.  This  gave  a  mean  symbol  contrast  ratio  of  20s  1. 


TABLE  A-l 
SYMBOL  LLMIMAWCES 


SYMBOL  VJMIMANCE  (ft-LV 

SYMBOL  LUM1MAMCI  (ft-L) 

1  2.0 

2  2.7 

1  2.8 

4  2.8 

5  2.9 

•  2.0 

7  2.7 

8  2.8 

9  2.8 

10  2.9 

11  2.0 

12  2.7 

13  2.7 

14  2.7 

15  2.9 

10  2.0 

17  2.1 

18  1.0 

19  2.7 
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